The introduction of new therapeutic agents in chronic lymphocytic leukemia (CLL) and follicular lymphoma (FL), including the new kinase inhibitor idelalisib, has changed the therapeutic landscape of these diseases. However, the use of idelalisib is associated with a peculiar profile of side effects, which require an optimization of the current approach to prophylaxis and supportive treatment. Moving from the recognition that the abovementioned issue represents an unmet need in CLL and FL, a multidisciplinary panel of experts was convened to produce a consensus document aiming to provide practical recommendations for the management of the side effects during idelalisib therapy for CLL and FL. The present publication represents a consensus document from a series of meetings held during 2017. The Panel generated clinical key questions using the criterion of clinical relevance through a Delphi process and explored 4 domains, ie, diarrhea/colitis, transaminitis, pneumonitis, and infectious complications. Using the consensus method, the Panel was able to shape recommendations which may assist hematologist to minimize adverse events and guarantee adherence to treatment in patients with CLL and FL candidate to receive idelalisib.
| INTRODUCTION
Idelalisib is a phosphatidylinositol 3-kinase delta (PIK3δ) inhibitor [1] [2] [3] [4] with significant activity in patients with relapsed or refractory (R/R) CLL 5 and indolent non-Hodgkin lymphoma (NHL) . 6 This agent was tested in combination with rituximab in a head-to-head comparison against placebo and rituximab in a trial enrolling heavily pretreated CLL patients. A significant advantage of progression-free survival and survival was documented in the experimental arm, and the study was stopped early owing to overwhelming efficacy. 7 Likewise, idelalisib single agent showed efficacy in alkylatorrefractory indolent B-NHL, including high-risk follicular lymphoma with early relapse after chemoimmunotherapy, with a median duration of response exceeding the median duration of response in the group of patients who had a response to the most recent therapy. 8, 9 However, drug-related adverse reactions (ADRs) led to dose reductions and discontinuations, 10, 11 immune-mediated disorders, and infections being the leading cause of treatment interruption. 12, 13 There is evidence that adherence to treatment is important to delay disease progression in R/R patients treated with drugs targeting B cell receptor pathway. 14, 15 In view of these considerations, a multidisciplinary panel of experts convened to provide recommendations for the diagnostic workup and management of the complications arising during treatment with idelalisib. The present publication represents a consensus document generated through email correspondence and during meetings held in 2017.
| DESIGN AND METHODS

Two chairmen (AC and PLZ) appointed a panel of 7 experts (hereafter called the Panel). A clinician with expertise in clinical epidemiology
(GB) assured the methodological correctness of the process. During an initial meeting, the Panel agreed on the areas of major concern on the ADRs associated with idelalisib, by generating and rank-ordering clinical key questions using the criterion of clinical relevance through a Delphi process. 16 The candidate key questions that ranked highest formed the set of questions of the present document (Table S1 supplementary conferences. During the consensus meetings, participants were first asked to comment in round-robin fashion on their preliminary votes and then to propose a new vote. If at least a ≥80% consensus on the statement was not achieved, the choices were discussed and a second vote taken. If a ≥80% consensus was still not attained, the issue was declared undecidable, and no further attempt was made.
3 | RESULTS
| Pharmacokinetics and drug-drug interactions of idelalisib
Idelalisib is mainly metabolized not only by aldehyde oxidase to GS-563117 but also by cytochrome P450 (CYP) 3A4 and UGT1A4. The time to plasma C max is 1.5 hours; the elimination half-life is 8 hours, and metabolites are excreted in the feces (78%) and urine (15%) with an oral clearance of 15 L/hour. 17 Severe renal impairment does not affect idelalisib pharmacokinetics (PK) significantly, 18 while severe hepatic impairment increases drug exposure by 60%. 19 The PK of digoxin, a P-gp substrate, and of 
| Diarrhea/cholitis
Diarrhea is one of the most common ADRs that can eventually lead to idelalisib dose reduction and/or discontinuation, and the majority of the cases have no identifiable infectious pathogen. (Table 3) • In patients with CLL or FL who are candidate to treatment with idelalisib, a careful collection of history of inflammatory bowel diseases or microscopic colitis, and of functional gastrointestinal disorders, is recommended.
• The evaluation of the presence of sequelae of gastrointestinal surgery is also recommended.
• In patients with unexplained and/or persistent gastrointestinal disorders, gastroenterological referral is recommended.
• Any chronic enterocolitis uncontrolled by therapy advises against the use of idelalisib.
• The Panel agreed that no prophylaxis for the diarrhea or colitis in patients candidate to idelalisib is indicated.
| Management (Figures 1 and 2)
• Patients treated with idelalisib should be clinically monitored for the appearance of diarrhea or symptoms of colitis.
• Patients with CLL or FL, in whom diarrhea appears during treatment with idelalisib, should be investigated to rule out an infection cause.
• Daily monitoring of the diarrhea grade according to Common Terminology Criteria for Adverse Events National Cancer Institute is recommended.
• The patients should be advised to withhold idelalisib in the case of a diarrhea grade 3 (7 stools or higher over baseline), or grade 2 (>4 stools) persistent for more than 2 days.
• In the presence of bloody diarrhea and in cases unresponsive to treatment, colonoscopy and gastroenterological referrals are advised.
| Treatment
• In the presence of diarrhea (any grade), patients should stop lactulose-containing products, alcohol, and high osmolar supplements. They should also increase liquid intake (plus electrolytes) and should take light and frequent meals.
• For grade 1 or grade 2 diarrhea, idelalisib can be continued and symptomatic therapy should be initiated just after the collection of samples (stools, blood) for the evaluation of a possible infectious cause. In grade 1 or 2 diarrhea of infective etiology, idelalisib should be continued and antibiotic therapy started.
• In grade 3 or grade 4 diarrhea, and in grade 1 or grade 2 diarrhea nonresponding after 2 days of symptomatic and/or antibiotic therapy, idelalisib should be discontinued. If diarrhea remains unresolved after 48 hours, steroids should be started (budesonide, 3 mg × 3 qd) after the exclusion of any infective etiology.
• Budesonide should be continued until complete resolution of diarrhea.
• Bacterial decontamination is not recommended, while probiotic administration can be added to the general management strategy. • IV fluid supplements should be given to any grade 3 or 4 diarrhea and in grade 2 according to the clinical condition.
• IV steroids are recommended after colonoscopy in the presence of hemorrhagic colitis and in cases unresponsive to budesonide.
• In patients who have interrupted idelalisib, the drug may be resumed when the patient experiences a return to the basal intestinal evacuation attitudes. The Panel agreed that idelalisib should be resumed at a lower dose than the initial one (eg, 100 mg twice daily).
• Concomitant use of budesonide for a limited period should be considered in the case of diarrhea recurrence after patient's clinical assessment.
| Transaminitis
An elevation of alanine transaminase (ALT) and aspartate transaminase (AST) blood levels of any grade frequently occurs (35%-50%) during treatment with idelalisib (grade ≥3 in 14%-16% of patients). 12, 24 The pattern of liver injury is hepatocellular, with more severe elevations in the transaminases compared with alkaline phosphatase and bilirubin. Transaminase elevation tends to quickly remit after withdrawal of the drug, but it may rapidly recur upon re-exposure to the drug if not managed properly (dose reduction).
In most cases, the transaminitis is neither because of viral reactivation nor to DDIs. Viral reactivation and hepatitis have not been described in anti-HBc-positive patients or in HCV-positive and/or HBsAg-positive carriers treated according the current clinical practice. [27] [28] [29] Transaminitis is rather suggestive of a liver injury secondary to an adaptive immune response elicited by the on-target inhibition of PI3Kδ in regulatory T cells, 30, 31 as suggested by the occurrence of hepatocellular damage when using other drugs belonging to the same class. 32 An activated T cell infiltrate is seen on liver biopsy specimens of patients who experienced idelalisib-related persistent hepatitis. 31 Hepatotoxicity is more prevalent in younger (<65 years), previously untreated patients who have a more intact immune system than older R/R subjects. 33 Moreover, transaminitis usually responds to steroids and is prominent when idelalisib is given in combination with immunomodulatory agents, such as lenalidomide. • In patients with CLL or FL candidate to treatment with idelalisib, careful evaluation of the past history of chronic hepatitis is recommended.
• All patients should undergo HCV and HBV screening by anti-HCV, HBsAg, anti-HBc, and anti-HBs.
• In patients with anti-HCV positivity, quantitative HCV-RNA should be assayed. In patients with HBsAg or anti-HBc positivity, HBV-DNA should be assayed.
• In patients with history of chronic hepatitis and/or anti-HCV or HBsAg positivity, hepatological referral is advised to define the need for an antiviral treatment. The hepatological referral is not required in isolated anti-HBc-positive/HBV-DNA-negative patients.
• The patients with anti-HBc positivity must receive universal prophylaxis with lamivudine if treated with rituximab.
• The Panel agreed that no cutoff value of increased transaminases is per se a contraindication to the use of idelalisib; however, a careful monitoring is mandatory in the patients with liver enzyme elevation before starting treatment with idelalisib.
• A history of chronic liver disease, a value of transaminases >3 the upper normal limit (UNL), or >5 UNL because of a histologically proved CLL-dependent or FL-dependent liver disease indicate the need of hepatological referral prior to start idelalisib.
• The presence of a decompensated cirrhosis advises against the use idelalisib.
• Patients with liver disease candidate to therapy with idelalisib should maintain their basal treatment of chronic hepatitis or infection with directly acting antivirals (DAA) with special attention to drug-drug interaction.
FIGURE 1
The issue of diarrhea/colitis: assessment of patients assigned to treatment with idelalisib ± rituximab as first option
• All CLL and FL patients treated with idelalisib should be monitored clinically for the appearance of transaminitis. Monitoring of the following parameters is recommended: AST, ALT, GGT, APH, and bilirubin.
• Transaminases should be checked biweekly in the first 3 months of therapy, monthly up to the sixth month of therapy, and then as clinically indicated.
| Management (Figure 4)
• In grades 1 and 2, transaminitis idelalisib can be continued with careful monitoring (weekly).
• In patients with history of chronic hepatitis and grade 2 transaminitis and/or bilirubin >2 mg/dL close monitoring, careful evaluation of the liver function and hepatological referral is recommended.
• In the presence of an increase of transaminases over 5 times the UNL (grade 3), idelalisib should be temporarily discontinued.
• The presence of transaminase elevation 20 times over the UNL (grade 4) should prompt permanent discontinuation of idelalisib.
• In patients who have discontinued idelalisib because of grade 3 transaminitis (>5 and <20 UNL), idelalisib should be reassumed at a lower dose of 100 mg twice daily when a return to the basal ALT values occurs. The Panel agreed that in the case of a pressing need of therapy for CLL or FL, idelalisib can be reassumed at values of ALT equal or lower than 3 times the UNL.
• In the absence of other causes, transaminitis greater than 5 times the normal level, persisting without a significant decline after 7 days from the drug withdrawal, a steroid-based treatment should be given.
• A transaminitis less than 5 times the normal level should be monitored without an immediate steroid-based treatment. In this case, corticosteroid treatment may be considered in persisting transaminitis and after a new patient's clinical assessment.
• The steroid optimal dose should be no less than 1 mg/kg prednisolone or equivalent.
| Pneumonitis
Pneumonia occurred in 6% to 22% of patients treated with idelalisib, and noninfectious pneumonitis was diagnosed in 2% to 5% of patients, with few fatal cases. 5, 7, 8, 12, 37, 38 The clinical profile of noninfectious pneumonitis because of idelalisib is characterized by an acute/subacute onset, although in a series including 5 patients, the time between appearance of symptoms and diagnosis was 3 to 9 weeks. 37, 39 Cough, dyspnea, and fever are the main symptoms. Smoking history, chronic obstructive lung disease, previous radiation treatment, and idiopathic pulmonary fibrosis are the most relevant conditions associated with a significant increase of druginduced lung injury. 41, 42 Pulmonary function tests represent a sensitive tool for detecting lung disorders even in asymptomatic subjects. 43 The clinical and laboratory profiles of drug-induced lung injury are not specific. Characteristic features of drug-induced lung injury on high-resolution CT scan, such as ground glass attenuation and/or perilobular pattern, may be consistent with the clinical hypothesis but are not pathognomonic. Therefore, the final diagnosis should be corroborated, by BAL which may show a negative microbiological profile and lymphocytosis at cytological examination. 44 Interestingly, the diagnostic role of rapid on-site cytologic examination of bronchoalveolar lavage in acute lung injury, which may provide results in a few hours, was documented. 45 The utility of the combination of BAL and transbronchial lung biopsy (feasible only in patients with platelets>50 000/mL and no coagulation defects) allowed a diagnostic yield around 80%, even in patients with respiratory failure. 46 The evaluation of LDH, peripheral blood oxygen saturation, and pulmonary function tests including CO diffusion index are currently used to stratify the lung injury severity. 47 High-dose steroids (up to 500 mg methylprednisolone iv qd) may be used in patients with drug-induced acute lung injury. 42 Multiple methylprednisolone pulses were used in cases of idelalisib-related pneumonitis with rapid respiratory deterioration. 37 Respiratory support in patients with acute lung injury and respiratory failure because of idelalisib need to be optimized to ensure adequate gas exchange while minimizing the risks of ventilator-induced lung injury. • In CLL and FL patients candidate to treatment with idelalisib, careful evaluation of smoking habit, history of respiratory disease, history of environmental, or professional exposure is recommended.
• The Panel agreed that there are no absolute contraindications to idelalisib.
• Idiopathic pulmonary fibrosis, severe COPD/asthma, and idiopathic pulmonary hypertension represent relative contraindications to idelalisib.
• In these cases, the individual risk/benefit should be evaluated, and patients should be informed that idelalisib may increase the risk of new pulmonary complications and may cause worsening of the pulmonary disease.
• No data on the efficacy of prophylaxis in patients candidate to idelalisib are available so far.
• Interstitial pneumonitis should be suspected in the presence of dry cough, dyspnea, shortness of breath, inspiratory rales at auscultation, or reduction O 2 saturation in peripheral blood.
• With appearance of these pulmonary symptoms, the first goal of the diagnostic workup is the differential diagnosis between an infectious pulmonary complication and interstitial pneumonitis.
• High-resolution CT scan of the thorax and BAL (with microbiological, cytological, and immunophenotypic analysis) are the necessary highly informative examinations.
• Transbronchial lung biopsy may represent a useful tool for a positive diagnostic criterion of interstitial pneumonitis in selected cases with a difficult-to-diagnose condition and without contraindications to this procedure.
• Serum levels of C-reactive protein (CRP) and LDH, peripheral blood O 2 saturation, and pulmonary function tests including DLCO measurement are complementary tests for the differential diagnosis and are useful for the severity assessment.
• In patients with a diagnosis of interstitial pneumonitis, idelalisib
should not be resumed.
• Immediate high-dose steroids is the recommended therapy of interstitial pneumonitis.
• Noninvasive ventilation should be considered even when there is a mild reduction in oxygen saturation.
| Infectious complications
Clinical trials assessing the efficacy of idelalisib outside of the licensed indications in CLL and indolent NHL reported an unexpected high rate of serious adverse events (AE) and increased mortality. [50] [51] [52] The excess of deaths were mainly associated to infections, namely Pneumocystis jiroveci pneumonia (PJP) and human cytomegalovirus (HCMV)-related disease. Pneumocystis jiroveci pneumonia is a relatively easily preventable disease, and virtually no cases were reported during idelalisib treatment in patients receiving specific concomitant chemoprophylaxis. 53 Furthermore, preexisting lung diseases such as chronic obstructive pulmonary disease (COPD), bronchiectasias, and asthma as well as smoking have been associated with an increased risk of PJP and bacterial pneumonia, thus making a careful collection of patients' history necessary. 54 Vaccinations against S. pneumoniae and influenza should be offered to all patients and caregivers. Although there is no evidence of correlation between B cell receptor inhibitors and tuberculosis
FIGURE 5
The issue of pneumonitis: management algorithm for patients assigned to treatment with idelalisib ± rituximab as first option (UNL, upper normal limit; PB, peripheral blood; COPD, chronic obstructive pulmonary disorder; CRP, C-reactive protein; BAL, bronchoalveolar lavage; *>5 UNL because of a histologically proved CLL-dependent or FL-dependent liver disease; DAA, directly acting antivirals) (TB), screening for latent TB and consequent suppressive therapy for infected subjects was indicated. 55 Cytomegalovirus viremia should be regularly monitored, and a pre-emptive treatment strategy should be pursued when the viremia predefined cutoff has been reached, while maintaining the patient on idelalisib. The management principles should be extrapolated from already-published guidelines on anti-CD52 use in CLL and from the guidelines on the management of HCMV in solid organ transplantation. 56, 57 On the other hand, bacterial pneumonia in patients treated with idelalisib does not have a significantly higher incidence than in patients with any type of indolent B cell malignancies receiving active treatment, nor is characterized by distinctive severity patterns. For this reason, there is no specific need of preventive measures.
| Recommendations (Figure 6)
• In CLL and FL patients candidate to treatment with idelalisib, careful evaluation of history of repeated infective episodes, history of COPD or bronchiectasis, presence low respiratory tract infections, and presence of nonremovable medical devices is recommended.
• Information about lifestyle-related factors predisposing to infection should be collected.
• Evaluation of chest X-ray, CMV serological status, HIV, HCV, HBV serological status, pulmonary function tests, and latent TB screening (Table 4 and Figure 7 ) is recommended.
• In CLL or FL patients, any uncontrolled infection contraindicates the use of idelalisib.
FIGURE 6
The issue of infectious complications: management algorithm for patients assigned to treatment with idelalisib ± rituximab as first option. (UNL, upper normal limit; PB, peripheral blood; BAL, bronchoalveolar lavage; GE, gastroenterologist; TB, tubercolosis; *>5 UNL because of a histologically proved CLLdependent or FL-dependent liver disease; DAA, directly acting antivirals)
• Prophylaxis of infectious episodes in patients receiving idelalisib should be attained by using CMV-negative blood products in CMV IgG-negative patients.
• Trimethoprim-sulfametoxazole is indicated during treatment and up to 2 to 6 months after discontinuation in all patients as a prophylaxis for PJP (Table 5) 58,59
• For patients with a diagnosis of latent TB, suppressive anti-TB treatment is recommended (Table 6 ).
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• Any persistent episode of fever should be monitored looking for CMV DNA testing.
• In all patients (sero-positive and sero-negative), CMV viremia should be regularly monitored at least on a monthly basis.
• Pre-emptive therapy is recommended for value of CMV-RNA ≥ 100 000 copies/mL or rising values in 2 successive controls.
• There is no evidence that the immunoglobulin replacement therapy patients treated with idelalisib should be modified with respect to that used in CLL or FL patients.
• In CLL patients treated with idelalisib, inactivated influenza vaccine and pneumococcal vaccine are mandatory for every patient, relative, and caregiver. inhibitor. In this analysis, the diagnostic workup including referrals to specialists before idelalisib treatment was described, and new measures for prevention and management of diarrhea/colitis, transaminitis, pneumonitis, and infections were formulated (Figures 1-7 ), along with the description of clinically meaningful pharmacologic interactions.
| DISCUSSION
Drug-drug interactions are frequently associated with ADRs and are predictable on the basis of the knowledge of metabolic pathways involved. Because the incidence of ADRs and hospitalization rate related to DDIs is still high, 65 we proposed here some practical measures which may assist the treating physician in minimizing potentially dangerous interactions. The recommendations proposed here apply to all the patients with CLL and FL with a clear indication to start treatment with idelalisib and were prepared taking into consideration that adherence to treatment is very important to get the maximum benefit from continuous treatment and that switch to other mechanism-based treatment may achieve disease control in the majority of patients with intolerance to ibrutinib or idelalisib.
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This and other reports providing guidance on how to optimize outcome with novel mechanism-based treatment 24, 66, 67 highlight that a number of issues with treatment-emergent ADRs require further investigation, with special reference to the incidence with longer follow-up and management in the real-world setting.
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